The Perspectives of Professional Caregivers on Implementing Audio-Based Technology in Residential Dementia Care. by Houben M et al.




The Perspectives of Professional Caregivers on
Implementing Audio-Based Technology in
Residential Dementia Care
Maarten Houben 1,2,* , Rens Brankaert 1,3 , Gail Kenning 4, Berry Eggen 1 and Inge Bongers 2,5
1 Department of Industrial Design, Eindhoven University of Technology,
5600 MB Eindhoven, The Netherlands; r.g.a.brankaert@tue.nl (R.B.); j.h.eggen@tue.nl (B.E.)
2 Tranzo, School of Social and Behavioral Sciences, Tilburg University, 5000 LE Tilburg, The Netherlands;
i.m.b.bongers@tilburguniversity.edu
3 School for Allied Health Professions, Fontys University of Applied Sciences,
5600 AH Eindhoven, The Netherlands
4 Ageing Futures Institute, University of New South Wales, Sydney, NSW 2052, Australia;
gail.kenning@unsw.edu.au
5 Mental Healthcare Institute Eindhoven, 5626 ND Eindhoven, The Netherlands
* Correspondence: m.houben1@tue.nl
Received: 23 July 2020; Accepted: 28 August 2020; Published: 31 August 2020


Abstract: Music and familiar everyday sounds can be meaningful for people with dementia by
providing benefits such as evoking memories and emotions or prompting social interactions with
caregivers or relatives. Motivated by this potential, researchers and designers are investigating how
to leverage these beneficial effects of sound in care environments through audio-based technology.
However, there is a gap in the knowledge of how audio-based technology can be successfully
implemented within everyday care practice. In this paper, we present the outcome of three
participatory workshops with 18 professional caregivers to explore how audio-based technology
can add value to existing care processes and activities in residential dementia care. During the
participatory workshops, professional caregivers (1) mapped existing care activities; (2) linked findings
in research with practice, and (3) designed scenarios for the Vita sound cushion. Care professionals
indicate how audio-based technology can support existing care practice by influencing the mood
of residents and by supporting social interaction during moments of care, daytime activities,
or situational sessions. This study bridges research findings with insights from practice, contributing
to a shared understanding of opportunities for embedding audio-based technology in dementia care.
These opportunities motivate future research to implement and evaluate audio-based technology in
residential dementia care.
Keywords: audio-based technology; care practice; dementia; participatory workshops; professional
caregivers; sound; technology in healthcare
1. Introduction
Dementia is a societal health challenge, as the global population is aging and the number of
incidences rises [1]. Without a cure and with a lack of effective pharmacological interventions [2], there is
an increasing need for nonpharmacological alternatives to increase the quality of the everyday lives of
people with dementia [3]. Over the years, researchers from various disciplines have demonstrated
the beneficial effects of music for people with dementia [4–7]. For instance, music can reduce stress
and agitated behavior [8] and can positively influence residents’ emotional states and mood in
residential dementia care [5,9]. Furthermore, music from a person’s past can evoke autobiographical
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memories [10–12] and can support recognizing and maintaining identity [13,14]. Alongside listening
to music, people with dementia can also participate actively in music sessions by playing instruments,
by singing, or by moving to music [6]. Therefore, music sessions can stimulate physical activity [15,16]
and can provide opportunities for social interaction with professional caregivers and other residents in
a care home [7,17,18].
Building on this extensive body of work on music in dementia [4–13,15–18], researchers have
begun exploring the potential benefits of everyday sounds or nonmusical sounds perceived in everyday
life for people with dementia [19–25]. Like music, everyday sounds that are perceived as pleasant
can evoke positive emotions [24,26]. For instance, sounds of nature can relax and calm people with
dementia [25]. Reexperiencing sounds from everyday life can provide feelings of comfort or safety [27],
can prompt memories of life events and loved ones [20], and can support storytelling by people with
dementia to relive meaningful past experiences in the present [18,19]. These responses to sound
provide opportunities for social connection and interaction [21,22] and for improvement in the living
environment of care facilities, where sounds can be perceived and enjoyed by residents regardless of
their limitations or illness [23].
Motivated by the potential of music and everyday sounds in dementia, researchers from various
disciplines investigated how to leverage these beneficial effects of sound into everyday care by using
audio-based technology (ABT). Soundscapes or perceived collections of ambient sounds can augment
the existing sonic environment with pleasant and familiar sounds to provide a sense of safety and
structure for residents in residential dementia care [28–30]. For example, introducing soundscapes
that contain nature sounds, such as bird songs or rustling tree leaves, to care home residents in
the morning can cue time-related activities, such as waking up and getting dressed [31]. Moreover,
researchers have been exploring the role of sound in daytime activities to stimulate social engagement
and creativity [32], such as art therapy [33] and music sessions [6]. These research explorations have
resulted in new accessible interfaces for people with dementia to enable them to play personal music
content [34–36] and virtual instruments adapted to the skills and abilities of residents with dementia to
support participation during music therapy sessions [7,17,37,38]. ABT, such as music pillows [22,29]
and collaborative interfaces [17,21,39], support social activities and stimulate engagement between
people with dementia, their relatives, and professional caregivers [21,22].
Initial research that explored the perspectives of professional caregivers on sound in care practice
has indicated that ABT can alleviate part of their workload and can improve the quality of life of
people with dementia by decreasing stress and agitation for people with cognitive impairments in
general by providing a sense of safety, daily structure, and comfort [40]. However, there is a lack
of understanding on how these interventions can be purposefully used in existing care processes.
Professional caregivers suggest that the implementation of interventions involving sound in residential
dementia care should not result in unintended behavior of residents, such as unrest [28]. For example,
sound is not always desirable during moments in care that require silence, such as resting activities, or
moments when ambient or incidental sounds are already noticeable, for example, when breakfast is
served [28]. Overall, professional caregivers struggle to successfully incorporate novel technologies
such as ABT into dementia care practices [41]. Research shows that technologies for health care settings
in general often seem successful and show promise at first yet lack sustainability, and repeatedly fail
to become implemented into health care programs [41,42]. Time constraints and heavy workloads
are recurring barriers for the care staff in accommodating new technologies into their current care
routines [42]. Therefore, while there is an urgent need for integrated care services that address the needs
of both people with dementia and their caregivers, integrating technology into dementia care remains
a complex process because of the various stakeholders and contextual factors [41]. More insights are
needed into the lived experiences and everyday needs of working in residential dementia care to
investigate how professional caregivers can successfully embrace ABT.
By adopting a participatory approach, we aim to contribute to existing research by mapping
the perspectives of professional caregivers on opportunities for ABT to augment existing activities,
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routines, and habits in residential dementia care with meaningful audio content. A participatory
design is established in the literature as an effective method to gain insight into people’s values,
beliefs, preferences, and everyday living or working environments [43]. Participatory approaches have
been applied in the context of health care interventions to assess the attitudes and perspectives of
professional caregivers on the acceptance of new technologies or organizational innovations [44–46].
For instance, to gain a qualitative understanding of the everyday working experience within healthcare
teams, such as care tasks, different or common goals, and interdependencies with other teams [45].
In this paper, we discuss and present the outcomes of three participatory workshops where
18 professional caregivers divided over three sessions explored and mapped opportunities of ABT
in residential dementia care. With our workshop approach, we aimed to bridge insights from
relevant academic literature with personal lived experiences and expertise of care professionals.
The participatory workshop approach focused on the professional caregivers’ perspectives in using
ABT to enrich and contextualize our previous research efforts on in-context responses of people
with dementia on everyday sounds in dementia [19,22]. The results of our field study describing
the in-context responses of the residents with dementia have been reported and published in other
literature [22]. In this paper, we contribute the outcomes of the participatory workshops that preceded
the field study and discuss the opportunities for ABT in dementia care that emerged during these
workshop sessions. The professional caregivers did not serve as a proxy for the residents in this
study but as key stakeholders in their own right, with opinions on providing care for people with
dementia [47].
By bridging existing research insights with professional caregivers’ lived experiences,
we established a shared understanding of opportunities for embedding ABT in residential dementia
care to augment existing care activities, routines, and habits with everyday sounds. Furthermore,
we discuss how these opportunities grounded in both practice and literature motivate further research
on the implementation and evaluation of audio-based and experience-centered technologies in
healthcare settings.
2. Materials and Methods
Professional caregivers working in residential care facilities for people with dementia generated
opportunities for integrating ABT in practice in three workshops using a participatory approach [45,48].
We sensitized the professional caregivers on the potential benefits of ABT [49], explored the personal
lived experiences of professional caregivers [50], and facilitated group discussions between these
relevant stakeholders [51]. With this approach, we aimed to bridge insights from academic research to
everyday practice and vice versa.
2.1. Vita: Audio-Based Design Intervention
The participatory workshops were conducted as part of a field study aimed at exploring the
role of everyday sounds facilitated by ABT in a real-life care environment. This field study [22] was
centered around the deployment of Vita, an audio-based design intervention (see Figure 1), in two
residential care facilities for people with dementia. Vita is a cushion equipped with a speaker and six
conductive sensors embedded in the cushions’ surface underneath colorful patterns of vinyl that serve
as a safe and easy-to-use interface [52]. People with dementia can play audio files by touching one of
six touchpads on the cushion. Upon touching such a touch pad, the corresponding sound starts to
play until the resident stops touching it. This easily accessible interface enables people in advanced
stages of dementia to play audio. Vita can be used in various ways in a care facility, such as at the
table in the communal space, on the lap of the resident, or in bed in their private room. Vita was
designed as a cushion so that it blends in with the interior of the care facility and is readily available
for use. Caregivers and relatives can record, upload, and select personal audio content via an online
platform. Vita is the outcome of a multidisciplinary collaboration between researchers, designers,
and care practitioners and was developed in a codesign process involving people with dementia and
Int. J. Environ. Res. Public Health 2020, 17, 6333 4 of 19
their caregivers [53]. The participatory workshops served as introductory sessions for the professional
caregivers overseeing Vita’s deployment in the care facility. The aim was to encourage and stimulate
creativity in the use of Vita by professional caregivers during this field study by generating and
designing concrete scenarios for using ABT in residential dementia care.
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The goal was to build an overview of the everyday care schedule and activities in residential 
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of a resident in a care facility (see Figure 2). A poster with a circle representing a 24-h timeline was 
provided to support the professional caregivers in mapping the daily activities to a specific timeframe 
and in sharing their views with the group [51]. The poster was placed in reach of all participants who 
were given pens, paper, and post-it notes to make individual notes or sketches. 
First, the professional caregivers were asked to individually think about typical everyday 
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Figure 1. Vita served as an example of audio-based technology: (a) Vita is a cushion with conductive
touchpads to play audio content and (b) with buttons on the reverse side to adjust the settings or volume.
2.2. Workshop Procedure
At the start of the workshop, the participants were asked to introduce themselves to the researcher
and each other, stating their name, profession (nurse or activity supervisor), care unit, and why
they were interested in participating in the workshop. The workshop approach consisted of three
consecutive steps to explore the different areas of expertise of the caregivers. First, the professional
caregivers mapped everyday activities in residential dementia care onto a 24-h timeline. Next, we asked
the professional caregivers to interpret statements taken from literature on sound and dementia and to
link these to their practice and expertise. Lastly, the researcher introduced the professional caregivers
to Vita: a cushion-like sound player as a concrete example of ABT within everyday care.
2.2.1. Step 1: Mapping Everyd y Activities in Care
The goal was to build an overview of the everyday care schedule and activities in residential
dementia care [50]. During this step, the professional caregivers were asked to outline the typical day
of a resident in a care facility (see Figure 2). A poster with a circle representing a 24-h timeline was
provided to support the professional caregivers in mapping the daily activities to a specific timeframe
and in sharing their views with the group [51]. The poster was placed in reach of all participants who
were given pens, paper, and post-it notes to make individual notes or sketches.
First, the professional caregivers were asked to individually think about typical everyday activities
in the care facility and to make personal notes. Giving professional caregivers an individual exercise
stimulates participant engagement and generates more in-depth topics [45]. Next, each caregiver was
asked in turn to read their notes aloud and to place it on the circular 24-h timeline. Participants were
then given the opportunity to respond and discuss the notes in the group to stimulate discussion
between the professional caregivers [50].
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Figure 2. The caregivers mapped the typical day of a resident with dementia: (a) First, they were asked
to reflect and make notes individually. (b) Next, participants were asked to share their thoughts with
the group and to place their notes on the 24-h timeline.
2.2.2. Step 2: Relating Research to Everyday Care Activities
Step two was to inform the professional caregivers about academic research and evidence on
how sound can support people with dementia and to broaden their understanding of how sound
could contribute to their everyday practice [49]. They were provided with 12 statements collected
from relevant literature on sound in general and more specific literature on sound in care facilities for
people with dementia (see Table 1). To offer a clear overview of the research claims, we provided three
categories of cards: nuisance (red), application (blue), and emotions and behavior (green). These cards
guided and inspired the participants to design new scenarios for ABT [54].
Table 1. The cards contained statements and conclusions of relevant academic research to inform
the professional caregivers of the opportunities and challenges of audio-based technology (ABT) for
dementia care.
Category Statements from Literature Ref.
Red cards: potential
nuisance of sound in a
care e vir nment.
1. “If a person cannot give meaning to a sound, it is considered noise”. [55]
2. “Sound can make people with d mentia distracted, nervous, or sca ed”. [30]
3. “You can close your eyes but not your ears”. [29]
4. “Unpleasant sounds can cause stress and irritation in a care home”. [56]
Blue cards: application
areas of ABT.
5. “Pleasant sounds can mask unwanted or annoying sounds”. [30]
6. “Sound can evoke social interactions between people with dementia and caregivers”. [21]
7. “Sounds can provi e structure and routi e in a care facility”. [40]




9. “Pleasant noises can calm a person with dementia”. [27]
10. “Personal sounds can support identity and selfhood in dementia”. [14]
11. “Joyful sounds can stimulate and revive people”. [24]
12. “By listening to a pleasant sound, someone can feel at ease and safe”. [28]
The cards were stacked according to category and placed face-down in the middle of the poster.
Each caregiver was asked in turn to draw a card from one of the piles, to read the statement out loud in
the group, and to formulate if they could relate this statement to their own experience (see Figure 3).
The aim of these cards was to provide a playful way of presenting insights from academic research
and to include all participants in the discussions [54]. Next, other participants were asked to react to
the statement in order to stimulate a group discussion where professional caregivers could compare
potential similarities and differences in the interpretation of the statement. After the discussion,
the caregiver was asked to place the card on the 24-h timeline where the specific statement from
literature was applicable. If the statement did not apply to a particular time or activity, professional
caregivers could place the card in the center of the poster.
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Figure 3. During the second step of the workshops, the professional caregivers were asked to map
statements from literature to practice: (a) The cards with statements from literature were stacked in
piles, face-down on the poster as in a board game. (b) Each caregiver was asked in-turn to draw a card
and to relate the statement to their own experience, after which the group discussed the statement.
2.2.3. Step 3: Designing Scenarios for Audio-Based Technology
Step three bridged the insights from step 1 and step 2 to design potential scenarios for using ABT
in dementia care (see Figure 4). Here, Vita was presented as a concrete example of an audio-based
technology to cue the professional caregivers in generating ideas and concepts for adopting ABT in
their practice. The primary researcher explained the design rationale of Vita and gave instructions on
how the device works. Vita was passed between the professional caregivers to allow them to hold the
device and to explore the interface. Next, the professional caregivers were asked to individually write
down several concrete scenarios for using Vita on the large yellow post-it notes, as depicted in Figure 4.
These scenarios were to include a specific resident, an activity, a timeframe, and potential audio content.
Finally, the professional caregivers were asked to share their scenarios with the group and to place
their post-it notes on the timeline to stimulate a final group discussion on the implementation of Vita
and ABT in general, which concluded the session.
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Figure 4. Lastly, the professional caregivers were asked to develop concrete use-cases for Vita: (a) The
researcher explained the design rationale of Vita. (b) The professional caregivers were asked to think of
specific cases to use Vita, which was then discussed during the final group discussion.
2.3. Participants and Setting
In total, 18 professional caregivers who work in residential dementia care participated in the
workshops, divided over three sessions (as depicted in Table 2). Nine caregivers were part of the
nursing staff responsible for everyday care of the residents, such as washing, dressing, or eating.
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The other nine were activity supervisors who organize and accommodate social daytime activities,
such as music sessions or art therapy. All participants were female, except C18. The workshops took
place at two care facilities in the Netherlands that both accommodate long-term residential care for
people in advanced stages of dementia. We conducted one session at care facility A in Eindhoven with
eight professional caregivers (C1–C8) and two sessions at facility B in Arnhem, with six (C9–C14) and
four (C15–C18) professional caregivers, since not all professional caregivers at location B were able to
attend the same session due to full agendas.
Table 2. In total, 18 professional caregivers participated in the participatory workshops, divided over
three sessions organized at two different care facilities. The professional caregivers were either nursing
staff (N) in charge of everyday care tasks or activity supervisors (A) who provide daytime activities.
All caregivers were female (f), except C18 (m).
Care Facility A Care Facility B
Session 1 Session 2 Session 3
C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18
A N A N A A A A N N N N A A N N N A
f f f f f f f f f f f f f f f f f m
2.4. Data Analysis
The participatory workshops were audio-recorded and later transcribed verbatim. The primary
researcher analyzed the transcriptions by conducting thematic analysis, following an inductive
approach [57]. Statements relevant to the research question were clustered in codes and further refined
into the themes discussed and iterated in consultation with the coauthors.
2.5. Ethics
The research activities in this paper were part of a field study on the deployment of Vita, which
was approved by the Ethics Review Board of the Tilburg School of Social and Behavioral Sciences,
Tilburg University (reference number: EC-2019.22) in which the codesign sessions were reported as
introductory sessions for the professional caregivers participating in the field study. The professional
caregivers were briefed about the study’s aim in general and the participatory workshops in specific.
Next, informed consent was asked and collected according to the General Data Protection Regulation
(GDPR), granting permission to record and analyze the audio of the participatory workshop sessions
and to use photographic documentation in academic publications.
3. Results
Our results provide insight into the perspectives of professional caregivers in residential dementia
care on the following:
1. the added value of ABT in the residential dementia care process as ABT can provide rest and
relieve from stress during the transition between activities, can initiate social connection during
everyday care tasks; and can relieve boredom by supporting daytime activities and situational
social experiences in the care space and
2. how the successful integration of ABT in residential care requires a person-centered approach
adapted to activities and habits specific to a care unit or healthcare team and tailored to the
residents’ needs and preferences by exploring their individual responses.
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3.1. The Added Value of ABT in the Care Process
The professional caregivers expressed their motivations for using ABT in the care facility by
discussing areas for application and the potential added value for both the resident with dementia as
well as the care staff.
3.1.1. Relieve Moments of Stress and Boredom
Nearly all professional caregivers (C1–C4, C6, C7, C9–C11, and C13–C18) mentioned how they
would use sound to calm residents and to provide relief from stress. During moments when residents
were not at rest due to boredom, “recognizable relaxing sounds” (C1) could be used as a nonmedical
alternative to address agitated behavior. This potential application of ABT providing relaxing sounds
can alleviate part of the workload of professional caregivers who often struggle with finding effective
ways or tools to calm distressed residents, as illustrated by C15: “At the end of the afternoon, in the
evening, a resident often says: ‘I have to go home, my mother is very ill!’, and then, you have to try
to calm her, for example, with piano music”. In current practice, several professional caregivers (C4,
C13, and C15–C18) often play music in the background (e.g., the radio) to prevent residents from
becoming stressed “because, in our group, they become very quiet when we put on music” (C17).
Two professional caregivers (C9 and C17) suggested that audio messages of family members might
calm and reassure residents worrying that their partner or family members have forgotten about them:
“Her son always comes to visit on the weekends, but at some point, she becomes very restless
when he is not there yet. Maybe a message [from her son] saying “see you mom, see you
later” can help here”. (C9)
However, the successful use of ABT should also address the need for moments of silence and rest
as professional caregivers (C11, C13–C15, and C17) made it clear that not all moments require sound or
music: “why does music always have to be on?” (C15). At specific times during the day, silence is
preferred to not distract the residents from essential activities, such as eating. For instance, C17 always
switches off the TV in the evening when residents are having dinner “because, otherwise, residents
will keep on singing and will not eat” (C17). In several living areas, the TV or radio is often turned on
to provide some background sounds, but caregivers indicated how loud music or the sound of the TV
often have an opposite effect and leads to a restless and hectic atmosphere (C10, C12, C13, and C16),
as illustrated by C13:
“Because, sometimes [I] walk into a living area, and then I think, ‘why is the TV on
now?’—sometimes just on a children’s channel—and then there is a lot of sound! But, no one
is watching, and the [terrible] things that are on TV . . . (sighs)” (C13)
Most professional caregivers (C1, C4, C7, and C9–C18) saw opportunities to use audio-based
interventions during transitions between scheduled activities. For instance, before scheduled daytime
activities, when residents become “agitated if the activity is not immediately happening” (C9), or directly
afterward, when “all residents must return to the living area at the same time” (C7), because “then you
have to keep them busy” (C4). Similarly, ABT could be used directly before or after care tasks to calm
residents (C1, C4, C7, and C10–C18). In the morning, sound could provide “a little bit of excitement
that might give them a peaceful moment to get out of bed” (C18) or could be provided “after breakfast
to [help them] stay awake because, then, there is no activity” (C11). Professional caregivers (C1, C10,
C11, C15, C16, and C18) saw potential in using Vita to improve sleeping patterns: “if someone is very
restless before bed and you give [them] Vita with a recognizable relaxing sound, [then] it can also
contribute [to relaxation]”. (C1). According to (C2, C15, C16, and C18), quiet and peaceful sounds
could help with “sleeping through [the night] and falling asleep [ . . . ] for people who wake up at night
or [are] unable to fall asleep” (C16).
Int. J. Environ. Res. Public Health 2020, 17, 6333 9 of 19
In summary, there is potential for ABT to support the care process in relieving moments of stress
and boredom in the care space and in easing moments of transition to other activities or care tasks,
but ABT should also offer room for silence and rest.
3.1.2. Facilitating Playful and Engaging Daytime Activities
Professional caregivers suggested that ABT can support scheduled daytime activities that offer
playful social experiences, such as music sessions or reminiscence therapy (C1, C3–C10, C13, C15,
C16, and C18). Most professional caregivers (C1, C3–C9, C12, and C15–C18) had experience in
providing sound-related activities during one-on-one sessions with the resident to specifically focus
on multisensory stimulation of people in advanced stages of dementia. Professional caregivers (C1,
C4, C5, C7, C9, C10, C12, C13, C15, and C18) also stated how sound could be a useful tool to support
group activities involving multiple residents of the care facility, such as music activities (C1 and C7).
Vita could facilitate an alternative group activity in the common living area for residents who do
not attend daytime activities, for instance, during “periods between breakfast and lunch and, then,
afternoon between lunch and dinner, when there are no activities and visitors” (C10).
However, it was also remarked that these group activities in the living area might not work (C2,
C5, C12–C13, and C17), as it “is difficult in a group in the living room; if people do not want to listen,
they can go read or something, but they will still hear it”. (C13). Daytime activities can produce
unwanted sounds and become a nuisance for other residents and professional caregivers who are not
partaking in those activities but still want and have to reside in the communal living area (C15 and
C16). For instance, “when there is an activity in the hallway and the doors need to be open because
people want to walk back and forth, [ . . . ] that causes a lot of noise and disturbance”. (C15). Therefore,
when using ABT in a real-life care space, the existing layer of ambient sounds and the acoustical impact
of ABT need to be considered. Unwanted environmental sounds such as the dishwasher (C1, C2, C11,
and C15), deliveries of meals or other supplies (C13, C14, and C16), and vacuum cleaners (C13 and C16)
can cause restlessness among the residents or can disrupt daytime activities, as was the case for C13:
“Someone started to vacuum the common space while I was holding an activity. You can notice it in
the residents. They get restless”. During these moments, additional sounds or sound-related activities
are often unwanted or not desirable as this might cause stress for the residents and the professional
caregivers who already have to cope with heavy workloads and time constraints:
“Yes this is very personal, but I had quite a burnout myself, and when I had to come back to
work for the first time, I was also very anxious because, over here, a resident was having
a pedicure [and], over there, six people were wandering. The doors [to the hallway] were
open. Someone had turned on the television because that is cozy, and there I was standing
behind the counter as a frightened person thinking ‘what is going on here?’” (C16)
Often, residents sleep during the day, but these daytime naps can mix up day-to-day structure and
can disrupt sleeping patterns and sleep quality. For instance, “when there are no scheduled activities,
she [a resident] is just staring ahead or taking a nap” (C10). Professional caregivers (C10, C11, C13,
C16, and C18) want to use sound to animate residents during the day to prevent them from falling
asleep and to support a daily wake–sleep structure. Most professional caregivers (C1, C2, C4, C6,
C7, and C9–C18) indicated how ABT could be used in the care space to initiate spontaneous, playful
activities by using pleasant and exciting sounds “to excite them a bit, so they do not disturb their
rhythm of day and night, and they stay awake” (C13). From the experience of caregivers (C1, C2, C4,
C7, and C15–C18), music effectively animates residents to make them more active or to wake them up
in a spontaneous and meaningful way:
“I have someone who, uhm, when I always turn on the radio with jazz and blues, [ . . . ] she
immediately starts dancing then, and that reminds her of her past too”. (C1)
Professional caregivers expressed the value of ABT to support daytime activities and to instantly
initiate spontaneous activities that provide social engagement in the care space to provide structure
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and daily rhythm. Nevertheless, the deployment of such interventions and activities requires careful
consideration of the existing acoustic environment and the impact of augmenting this environment
with additional sounds.
3.1.3. Support Social Interaction in the Care Process
The professional caregivers considered how ABT can offer cues for social interaction during their
different care tasks within the daily care process. They (C1–C4, C6, C9, C10, and C12–C18) suggested a
potential value of ABT to initiate and support social interactions during one-on-one activities with
residents who are “in advanced stages of dementia—to make contact—as it is often difficult to make
contact with them” (C14). Playing recognizable sounds and listening together can evoke broad topics
of conversation (C2, C3, C10, C12, C13, C16, and C18). Caregivers suggest that sound could “evoke
memories, so you also get people talking about it” (C2). In this context, professional caregivers (C1, C2,
C6, C9, C12, C13, C15, C17, and C18) saw potential in using Vita to play familiar sounds to support
reminiscence and to evoke emotions to facilitate meaningful and socially engaging experiences:
“That can be related to hobbies or something—or to work—or baby sounds if you happen to
have worked in child care [ . . . ] when you have one-on-one conversations about their work,
hobbies, or past, then you also come across those sounds”. (C15)
Professional caregivers (C2–C4, C6, and C13) made it clear that activity supervisors and the
nursing staff have different perspectives and opinions on the use of ABT with residents. Residents
can behave differently during organized daytime activities (e.g., music club) and when residing in the
living area, as illustrated by (C2) (nurse): “No, she [activity supervisor] wants to use it with a specific
resident, but we [nursing staff] have a different opinion on that. But, that is the difference between
people who do nursing and colleagues [who supervise activities], whether residents are below [in the
activity space] or whether they are above [in the living area]” (C2). Therefore, to understand how
ABT can support different facets of everyday dementia care, it is required to incorporate the different
functions and care tasks of the professional caregivers, such as providing activities, household tasks,
or personal care. For instance, C15 supports residents in performing everyday routines such as getting
up in the morning or assisting with bathing and uses music to reduce awkwardness and to make these
tasks more enjoyable for her and for the residents:
“With physical care, which is quite stressful or difficult for several people and annoying,
music can certainly help. [ . . . ] I often sing songs with the people while providing morning
care because, then, you can get a lot more done. I make a song from the activity or task
that I am doing at that moment, especially with people in the advanced phases, so you can
still try to make some contact. [ . . . ] The morning care of one of the residents is becoming
increasingly difficult for her and us. [We could] accompany it with soft and friendly piano
music, because she is very interested in that, to start the day off right”. (C15)
Listening to music was mentioned by C1, C4, and C15 as a useful way to connect with residents
who have difficulty in initiating and engaging in a conversation: “especially when people are in
advanced stages, you can still make contact that way” (C15). These moments of contact can also be
with family members who visit the care facility and often struggle to hold a conversation or to make
contact with their relative with dementia (C15 and C18). The professional caregivers had previously
experienced the value of sound in supporting nonverbal contact with people in advanced stages of
dementia and those who are unable to communicate verbally:
“Hearing is the last [sense] to disappear. [ . . . ] You often see people whose dementia has
progressed [being] involved in those activities [with sound] and they still respond by opening
their eyes, but they can no longer speak. [ . . . ] The hearing remains!”. (C2).
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ABT can offer opportunities to stimulate social connection during care activities, household
tasks, or personal care by cueing conversations and by evoking nonverbal responses that reduce
awkwardness and support difficult tasks in the care process.
3.2. Need for a Person-Centered and Reflexive Approach
The professional caregivers strongly expressed how the successful integration of ABT in everyday
practice demands a person-centered approach that addresses the needs and situation of the residents
with dementia and how reflexivity is required to explore and evaluate the in-context responses of
the participants.
3.2.1. Person-Centered Approach
Nearly all professional caregivers (C1–C7 and C9–C18) indicated that the use of ABT would
strongly depend on the person with dementia as it “can certainly make a contribution, especially if
they are open to it, but it is not for everyone” (C2). Sound content was seen as crucial in evoking
meaning from residents by professional caregivers (C1, C5, and C9–C16). For instance, it is necessary to
understand the preferences of the residents, and “you must first filter out what is pleasant because what
is pleasant for me is not pleasant for you (C11)”. Professional caregivers (C2, C4, C7, and C10–C18)
imagined themselves in the situation of the residents and stated how responses to sound apply
“not only for people with dementia, [but] it also applies for yourself” (C14). Similarly, professional
caregivers (C7 and C10–C18) linked discussions on sound in the care home to their personal life or
household. Therefore, professional caregivers (C12 and C14–C16) suggested looking at the social and
cultural background of the residents for meaningful audio content. For instance, C12 has a migration
background and grew up in a context different from a typical Dutch household:
“Oh, I always put the radio on: when I get up, when I take a shower, sing[ing] along in the
shower. Yes, I also think it depends on the culture too. There were always many people in
my house, it was always busy, and I am not used to silence at all”. (C12)
Similarly, professional caregivers are required to evaluate and monitor potential negative responses
to sounds that evoke emotionally difficult memories and, as a result, to confront people with their
dementia or to cause feelings of sadness. For instance, C11–C13 discussed how some residents became
sad when listening to music or while reminiscing during daytime activities. However, feelings of
sadness or nostalgia are not necessarily harmful as “those are also feelings to talk about” (C13).
Furthermore, professional caregivers (C2, C3, C9, C11–C13, C16, and C17) expressed concern that
listening to certain sounds can cause rest to one and unrest to the other: “you put on, for example,
chirping birds because that is so soothing, but then one resident thinks: ‘those rotten birds, can’t they
shut up?’” (C13). The professional caregivers discussed the complexity of using ABT in a communal
space in a care facility where multiple people with different backgrounds have to live together:
C14: “Yes, sometimes, I just do not want any sounds at all. I do not have to have sound
around me all day—or music”.
C12: “Oh, but I do, I prefer music all day long!”
C13: “Yes, but then, suppose that you two are sitting in one communal area room? That is
the same with that television and radio [that is always on]!”
The workshop outcomes also revealed how professional caregivers adopt different routines and
habits in their current practice in terms of using music during everyday care. For example, a discussion
between two professional caregivers (C15 and C17) illustrated how different care units within the same
care facility could have different opinions on using music during eating activities based on the different
responses of the residents within the same care unit:
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C16: “A world of difference between your home and ours, you cannot imagine it!”
C17: “Yes, with us, it just helps at breakfast to turn on music, to make them eat. That makes
a huge difference!”
C15: “Yes, I find that so contradictory. That is not possible with us because, during dinner,
you do not have music on, you sit at the table, eat with the people, [and] possibly talk, but you
have no music in the background”.
The personal reflections and discussions of the professional caregivers revealed how a
person-centered approach is required to involve residents in sound-related activities and that a
one-size-fits-all approach is not desirable for people with dementia.
3.2.2. Reflexivity and Continuous Assessment
The above examples illustrate the variety in the responses of the residents to sound. Even though
professional caregivers have particular motivations for using ABT, as reported in the previous sections,
there is no guarantee that these benefits and desired effects will apply for all residents. Professional
caregivers (C2, C4, C5, and C14–C18) argued that the application of such interventions “depends on
the resident’s condition” (C2) and can strongly vary over time:
“We try something with a resident, and today, it is going well and, tomorrow, it is not.
The day after tomorrow, it works again, and after three weeks, it stops. There is nothing
more variable than a person with dementia, and the group dynamics also change, depending
on who of the caregivers is working. [There are] quite a lot of factors you cannot do much
about”. (C15)
Therefore, ABT should not necessarily be used at fixed points in time but should be used to
support certain situations in care that can arise during the day. For instance, professional caregivers
(C2–C4, C6, C9, C11, C13, and C15–C18) indicated that they would use sound to calm residents “in
case of unrest, which also differs per person and can happen at any time, not just at a specific point in
the day”. In that sense, professional caregivers (C1–C3, C6, C12–C16, and C18) expressed that using
ABT to evoke responses is a matter of “trying it out” (C6) by assessing their responses and “feel[ing]
for yourself if it is going well” (C16). In using Vita, professional caregivers are required to continuously
assess the individual responses of the residents to explore the specific potential value for each resident:
“I am curious how the residents [will] react to the pillow when they are restless or when they
are just relaxed and at rest, if they then react differently”. (C3)
Reflexivity and continuous assessment are required in exploring individual responses to ABT,
with room for experimentation for professional caregivers to question and investigate their interactions
with the residents in context via introspection as they occur as well as to share their perspectives
with colleagues.
4. Discussion
Our participatory approach elicited a range of views and opinions from dementia care professionals
about the potential benefits of introducing and incorporating ABT in their everyday working
environment to support the care delivery process. We contribute to existing literature by synthesizing
our analysis of the results into an overview of novel opportunities to integrate ABT in residential
dementia care. Furthermore, we discuss how care professionals are vital stakeholders in facilitating the
in-context use of technology and how the implementation of ABT should address their specific lived
experiences and needs, such as care tasks, working culture, and multidisciplinary sharing of expertise.
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4.1. Novel Opportunities for Integrating ABT in Residential Dementia Care
Firstly, ABT can provide new opportunities to support the transitions between scheduled activities
in daily dementia care by offering peacefulness, distraction, or alternative activities. These moments
of transition are identified as hectic and cause restlessness in both staff and residents. The literature
reports that sound can provide a sense of safety and structure and can influence mood positively in
dementia care environments [25,27,28,31,40]. Professional caregivers shared this view that sound can
influence mood and support day-to-day structure and, most importantly, identified moments between
activities as an opportunity for ABT to facilitate the anticipation, transition between, and the closing of
daytime activities by countering impatience or by relieving nervousness.
Secondly, professional caregivers view ABT as a solution to improve the daily care process
by providing meaningful audio content and by establishing verbal or nonverbal communication to
enhance social interactions. In addition, ABT could also accommodate intimate moments in personal
care, such as bathing or dressing, to contribute to the experience of both the residents and the caregivers.
Therefore, the significance of sound in shaping social relationships among residents and between
residents and professional caregivers should be recognized. This builds further on research that
demonstrates how professional caregivers can establish an equal form of communication during
moments of care by listening to or by playing sounds together with residents [9,22], as sound allows
people to connect as it propagates through the care space [23].
Thirdly, the caregivers expressed how situational or opportunistic use of ABT during everyday
care can evoke immediate and pleasurable in-the-moment experiences in the everyday living
environment. However, to evoke these meaningful responses, the professional caregivers concluded
that a person-centered approach is needed to consider the personal and sociocultural background
of the residents. Research shows that people with dementia can associate sound to emotionally
valued past experiences to evoke meaningful conversations with their relatives or caregivers [19].
The use of sound and music in scheduled daytime activities has been well established in relevant
literature [7,11,19,37]. Sound and, in particular, music is referred to as a universal language [58]
and can facilitate communication and social interactions with residents with aphasia or who have
difficulty communicating verbally [16,22]. By adopting a person-centered approach and by engaging
in pleasurable experiences with the residents, the care staff can create a positive atmosphere that
reduces emotional workloads and contributes to the wellbeing of both the residents and the staff in
residential care [59]. Thus, ABT can offer meaningful audio content to support professional caregivers
in including residents in enjoyable and accessible daytime activities by overcoming their challenges
with engaging residents in a social setting.
Lastly, professional caregivers and people with dementia in residential dementia care require
moments of silence and peacefulness during activities that are important for the health of the
residents. The adoption of ABT in dementia care requires careful consideration of the existing sonic
environment and the potential interference of additional sounds that might disturb residents or staff.
For example, communal eating might be an activity where additional sounds negatively impact the
shared experience [60]. Therefore, ABT should be designed in a way so they can also offer moments
of silence in the care space to provide opportunities where residents and professional caregivers can
unwind without experiencing unwanted auditory stimuli. This builds on research on acoustics in care
facilities that stresses the need for regulated ambient noise levels in care environments to reduce stress
and to prevent agitation among residents and staff [61]. With new forms of ABT, such as “sound zone
technology”, individual listening experiences could be provided in communal areas to limit sound
disturbances between individual listeners through a specific speaker setup [62]. We conclude that
more research is required to gain a full understating of how ABT can cater universally and for the
individual at the same time.
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4.2. The Needs and Lived Experiences of Care Professionals
Our results illustrate how different care units within the same care facility could have different
routines or processes in providing care or that residents in different living areas have contradictory
attitudes towards ABT that provide music or sound. Professional caregivers from the nursing staff,
e.g., providing care at night, had utterly different motivations and approaches towards using ABT
compared to colleagues who only supervised daytime activities. The different care tasks that are
performed by a team of care professionals might be often overlooked in the design of ABT and missed
in academic research. We argue that the design and development of ABT needs to consider the lived
experiences of the care professionals and the workplace culture as caregivers are an integral part of the
system in mediating technology and in engaging people with dementia in social activities [22,63,64].
The professional caregivers stated that successful use of ABT in context requires a person-centered
and reflexive approach. This approach corresponds with the reflexivity required in the professional
thinking of caregivers working in healthcare environments in general [65]. This reflexive process is
mostly applied in complex clinical situations and can heavily vary between different caregivers as they
have different experiences and perceptions of the perceived problems [66]. Recent research highlights
how professional caregivers have not only other approaches in care but also different views on making
sense of the actions and expressions of people with dementia [63]. Therefore, the professional caregivers
appreciated the participatory workshops as they have a need to exchange their individual perspectives
and to learn from each other’s experiences in providing care.
The participatory workshops served as a co-learning process by creating a setting that encouraged
the exchange of expertise and knowledge between the researcher and the professional caregivers
and among the team of caregivers themselves. The care staff sharing their concerns and opinions
with technology developers and care organizations is crucial to prevent resistance in implementing
or adopting new technologies [67], as healthcare teams often have different levels of interest or
are misinformed about the effort and potential benefits [68]. This collaborative aspect of working
in dementia care shows potential for further consideration in ongoing research, as we stress the
need for multidirectional and multidisciplinary sharing of insights and ways of working to develop
a shared understanding in using technologies such as ABT in residential care. This continuous
knowledge exchange with regard to utilization and advantages contributes to the broader acceptance
and implementation of technologies such as ABT and encourages its use by the care staff in everyday
care practice.
4.3. Grounded Motivation for Future Field Studies
Adoption and support in using technology by care professionals is an essential requirement for
field studies that aim to evaluate or iterate newly designed technologies [42,69,70]. The opportunities
presented in this paper are the outcome of reflections and discussions with and from professional
caregivers that were cued and triggered by matching academic insights to their personal experiences
and practical expertise of providing care. As a result, these insights relate heavily to the existing care
structures and activities of the involved care organizations and may differ between care institutions,
countries, and cultures. Therefore, we do not present these opportunities for ABT as rigid guidelines but
rather as a practice-informed foundation for future research on the implementation and evaluation of
ABT in real-life care settings. We aim to broaden the scope of future work on ABT in care environments
to explore the values and perspectives of critical stakeholders designated to facilitate and to use these
technologies in context. Hence, further in-context and longitudinal evaluation studies of ABT is
essential to generate knowledge on the effectiveness and the successful implementation of meaningful
sounds to augment care practice.
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5. Conclusions
We have explored the integration of audio-based technologies in dementia care by consulting the
expertise of 18 professional caregivers working in residential dementia care during three participatory
workshops. The study outcome reveals opportunities for ABT to add value in the care process and
insight into the needs and experiences of professional caregivers to enable the sustainable use and
implementation of ABT in dementia care. We present these study outcomes as a well-motivated
foundation grounded in practice to steer future research on the adoption and evaluation of technologies
such as ABT in care settings. The workshops facilitated a multidirectional sharing of knowledge
with literature as a starting point for professional caregivers to understand the possibilities of ABT
and the theories behind it. The professional caregivers were able to build on their experiences of
environments, care structures, responsibilities, and people to provide insights on operating ABT in
practice. They were also able to extend the discussion and to consider the different perspectives and
practices of colleagues. While there is a body of work that focusses on the impact and responses of
people living with dementia to audio content, it is still unresearched how professional caregivers
negotiate the daily activities to bring about change with audio-based technology. This study contributes
to this gap in the literature by allowing caregivers to bridge theory and to practice and provide a
well-motivated foundation grounded in practice for future research on the adoption and evaluation of
audio-based and experienced-centered technologies in care settings.
Author Contributions: Conceptualization, M.H., R.B., G.K., B.E. and I.B.; methodology, M.H., R.B., I.B. and B.E.;
thematic analysis, M.H.; analysis and interpretation of results, R.B. and I.B.; writing—original draft preparation,
M.H.; writing—review and editing, R.B., I.B., G.K. and B.E.; visuals and tables, M.H.; supervision, R.B., I.B. and
B.E.; funding acquisition, R.B., I.B., G.K. and B.E. All authors have read and agreed to the published version of
the manuscript.
Funding: This research was funded as part of the “Everyday Sounds of Dementia” project in the ZonMw Create
Health Program, grant number 40-44300-98-117.
Acknowledgments: We thank the care staff and care organizations Archipel and Pleyade for participating and
facilitating this study.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Prince, M.; Ali, G.-C.; Guerchet, M.; Prina, A.M.; Albanese, E.; Wu, Y.-T. Recent global trends in the prevalence
and incidence of dementia, and survival with dementia. Alzheimer’s Res. Ther. 2016, 8, 23. [CrossRef]
[PubMed]
2. Alzheimer’s Disease Facts and Figures. Available online: https://www.alz.org/media/documents/alzheimers-
facts-and-figures-2019-r.pdf (accessed on 25 July 2020).
3. Olazaran, J.; Reisberg, B.; Clare, L.; Cruz, I.; Peña-Casanova, J.; Del Ser, T.; Woods, R.T.; Beck, C.; Auer, S.R.;
Lai, C.K.Y.; et al. Nonpharmacological Therapies in Alzheimer’s Disease: A Systematic Review of Efficacy.
Dement. Geriatr. Cogn. Disord. 2010, 30, 161–178. [CrossRef]
4. Baird, A.; Samson, S. Music and dementia. In Progress in Brain Research; Elsevier BV: Amsterdam,
The Netherlands, 2015; Volume 217, pp. 207–235.
5. Gold, K. But does it do any good? Measuring the impact of music therapy on people with advanced dementia:
(Innovative practice). Dementia 2013, 13, 258–264. [CrossRef]
6. Raglio, A.; Filippi, S.; Bellandi, D.; Stramba-Badiale, M. Global music approach to persons with dementia:
Evidence and practice. Clin. Interv. Aging 2014, 9, 1669–1676. [CrossRef] [PubMed]
7. Morrissey, K.; Wood, G.; Green, D.; Pantidi, N.; McCarthy, J. ‘I’m a rambler, I’m a gambler, I’m a long way
from home’: The Place of Props, Music, and Design in Dementia Care. In Proceedings of the 2016 ACM
Conference on Designing Interactive Systems—DIS’16, Brisbane, Australia, 4–8 June 2016; pp. 1008–1020.
8. Ihara, E.S.; Tompkins, C.J.; Inoue, M.; Sonneman, S. Results from a person-centered music intervention for
individuals living with dementia. Geriatr. Gerontol. Int. 2018, 19, 30–34. [CrossRef] [PubMed]
Int. J. Environ. Res. Public Health 2020, 17, 6333 16 of 19
9. Götell, E.; Brown, S.; Ekman, S.-L. The influence of caregiver singing and background music on vocally
expressed emotions and moods in dementia care. Int. J. Nurs. Studies 2009, 46, 422–430. [CrossRef] [PubMed]
10. Baird, A.; Samson, S. Memory for Music in Alzheimer’s Disease: Unforgettable? Neuropsychol. Rev. 2009, 19,
85–101. [CrossRef]
11. Lazar, A.; Thompson, H.; Demiris, G. A systematic review of the use of technology for reminiscence therapy.
Health Educ. Behav. 2014, 41, 51S–61S. [CrossRef]
12. Simmons-Stern, N.R.; Deason, R.G.; Brandler, B.J.; Frustace, B.S.; O’Connor, M.K.; Ally, B.A.; Budson, A.E.
Music-based memory enhancement in Alzheimer’s disease: Promise and limitations. Neuropsychologia 2012,
50, 3295–3303. [CrossRef]
13. Baird, A.; Thompson, W.F. The Impact of Music on the Self in Dementia. J. Alzheimer’s Dis. 2018, 61, 827–841.
[CrossRef]
14. Graham, M.E. Re-socialising sound: Investigating sound, selfhood and intersubjectivity among people living
with dementia in long-term care. Sound Studies 2018, 5, 175–190. [CrossRef]
15. Lesaffre, M.; Moens, B.; Desmet, F. Monitoring Music and Movement Interaction in People with Dementia.
In The Routledge Companion to Embodied Music Interaction; Informa UK Limited: London, UK, 2017; pp. 294–303.
16. Unbehaun, D.; Taugerbeck, S.; Aal, K.; Vaziri, D.D.; Lehmann, J.; Tolmie, P.; Wieching, R.; Wulf, V. Notes of
memories: Fostering social interaction, activity and reminiscence through an interactive music exergame
developed for people with dementia and their caregivers. Hum.-Comput. Interact. 2020, 1–34. [CrossRef]
17. Favilla, S.; Pedell, S. Touch screen ensemble music. In Proceedings of the 25th Australian Computer-Human
Interaction Conference, Association for Computing Machinery (ACM), Adelaide, Australia, 25–29 November
2013; pp. 481–484.
18. Frohlich, D.M.; Corrigan-Kavanagh, E.; Campbell, S.; Chrysanthaki, T.; Castro, P.; Zaine, I.; da Graça Campos
Pimentel, M. Assistive Media for Well-being. In HCI and Design in the Context of Dementia; Brankaert , R.,
Kenning, G., Eds.; Human–Computer Interaction Series; Springer: Cham, Switzerland, 2020; pp. 189–205.
[CrossRef]
19. Houben, M.; Brankaert, R.; Bakker, S.; Kenning, G.; Bongers, I.; Eggen, B. Foregrounding Everyday Sounds
in Dementia. In Proceedings of the 2019 on Designing Interactive Systems Conference, Association for
Computing Machinery (ACM), San Diego, CA, USA, 23–28 June 2019; pp. 71–83.
20. Campbell, S.; Frohlich, D.; Alm, N.; Vaughan, A. Sentimental Audio Memories: Exploring the Emotion and
Meaning of Everyday Sounds. In Dementia Lab 2019. Making Design Work: Engaging with Dementia in Context.
D-Lab 2019. Communications in Computer and Information Science; Brankaert, R., IJsselsteijn , W., Eds.; Springer:
Cham, Switzerland, 2019; Volume 1117, pp. 73–81. [CrossRef]
21. Luyten, T.; Braun, S.; Van Hooren, S.; De Witte, L. How groups of nursing home residents respond to “the
CRDL”: A pilot study. J. Enabling Technol. 2018, 12, 145–154. [CrossRef]
22. Houben, M.; Brankaert, R.; Bakker, S.; Kenning, G.; Bongers, I.; Eggen, B. The Role of Everyday Sounds in
Advanced Dementia Care. In Proceedings of the 2020 CHI Conference on Human Factors in Computing
Systems, Honolulu, HI, USA, 25–30 April 2020; Volume 450, pp. 1–14.
23. Graham, M.E. Long-term care as contested acoustical space: Exploring resident relationships and identities
in sound. Build. Acoust. 2019, 27, 61–73. [CrossRef]
24. Andringa, T.C.; Lanser, J.J.L. How Pleasant Sounds Promote and Annoying Sounds Impede Health:
A Cognitive Approach. Int. J. Environ. Res. Public Health 2013, 10, 1439–1461. [CrossRef] [PubMed]
25. Bosch, K.A.V.D.; Andringa, T.C.; Peterson, W.; Ruijssenaars, W.A.J.J.M.; Vlaskamp, C. A comparison of
natural and non-natural soundscapes on people with severe or profound intellectual and multiple disabilities.
J. Intellect. Dev. Disabil. 2016, 42, 301–307. [CrossRef]
26. Andringa, T.C.; van den Bosch, K.A. Core affect and soundscape assessment: Fore-and background
soundscape design for quality of life. In Proceedings of the 42nd International Congress and Exposition on
Noise Control Engineering 2013: INTER-NOISE 2013: Noise Control for Quality of Life, Innsbruck, Australia,
15–18 September 2013; pp. 2273–2282.
27. Bulsara, C.; Seaman, K.; Steuxner, S. Using sound therapy to ease agitation amongst persons with dementia:
A pilot study. Aust. Nurs. Midwifery J. 2016, 23, 38–39.
28. Devos, P.; Aletta, F.; Thomas, P.; Petrovic, M.; Mynsbrugge, T.V.; Van De Velde, D.; De Vriendt, P.;
Botteldooren, D. Designing Supportive Soundscapes for Nursing Home Residents with Dementia. Int. J.
Environ. Res. Public Health 2019, 16, 4904. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 6333 17 of 19
29. Lund, H.N.; Bertelsen, L.R.; Bonde, L.O. Sound and music interventions in psychiatry at Aalborg University
Hospital. SoundEffects-Interdiscip. J. Sound Sound Exp. 2016, 6, 48–68. [CrossRef]
30. Hayne, M.J.; Fleming, R. Acoustic design guidelines for dementia care facilities. In Proceedings of the
43rd International Congress on Noise Control Engineering: Internoise 2014, Melbourne, Australia, 16–19
November 2014; pp. 1–10.
31. Devos, P.; Aletta, F.; Thomas, P.; Filipan, K.; Petrovic, M.; Botteldooren, D.; Vander Mynsbrugge, T.;
Van de Velde, D.; De Vriendt, P. Soundscape design for management of behavioral disorders: A pilot study
among nursing home residents with dementia. In Proceedings of the Impact of Noise Control Engineering:
Proceedings of Inter-Noise 2018, Chicago, IL, USA, 26–29 August 2018; p. 8.
32. Craig, C.; Killick, J. Creativity and Communication in Persons with Dementia: A Practical Guide; Jessica Kingsley
Publishers: London, UK, 2011.
33. Chancellor, B.; Duncan, A.; Chatterjee, A. Art Therapy for Alzheimer’s Disease and Other Dementias.
J. Alzheimer’s Dis. 2014, 39, 1–11. [CrossRef]
34. Thoolen, M.; Brankaert, R.; Lu, Y. Sentic: A Tailored Interface Design for People with Dementia to Access
Music. In The Companion Publication of the 2019 on Designing Interactive Systems Conference, Proceedings of the
2019 Companion—DIS’19 Companion; ACM Press: New York, NY, USA, 2019; pp. 57–60.
35. Müller-Rakow, A.; Flechtner, R. Designing Interactive Music Systems with and for People with Dementia.
Des. J. 2017, 20, S2207–S2214. [CrossRef]
36. Morrissey, K.; McCarthy, J. Creative and Opportunistic Use of Everyday Music Technologies in a Dementia
Care Unit. In Proceedings of the 2015 ACM SIGCHI Conference on Creativity and Cognition, C&C’15,
Glasgow, UK, 22–25 June 2015; pp. 295–298.
37. Crowe, B.J.; Rio, R. Implications of Technology in Music Therapy Practice and Research for Music Therapy
Education: A Review of Literature. J. Music. Ther. 2004, 41, 282–320. [CrossRef] [PubMed]
38. Kenning, G.; Ilsar, A.; Brankaert, R.; Evans, M. Improvisation and Reciprocal Design: Soundplay for Dementia.
In Dementia Lab 2019. Making Design Work: Engaging with Dementia in Context. D-Lab 2019. Communications in
Computer and Information Science; Brankaert, R., IJsselsteijn , W., Eds.; Springer: Cham, Switzerland, 2019;
Volume 1117, pp. 82–91. [CrossRef]
39. Houben, M.; Lehn, B.; van den Brink, N.; Diks, S.; Verhoef, J.; Brankaert, R. Turnaround: Exploring Care
Relations in Dementia Through Design. In Proceedings of the Extended Abstracts of the 2020 CHI Conference
on Human Factors in Computing Systems, Honolulu, HI, USA, 25–30 April 2020.
40. Bosch, K.A.V.D.; Andringa, T.C.; Baskent, D.; Vlaskamp, C. The Role of Sound in Residential Facilities for
People with Profound Intellectual and Multiple Disabilities. J. Policy Pr. Intellect. Disabil. 2016, 13, 61–68.
[CrossRef]
41. Koumakis, L.; Chatzaki, C.; Kazantzaki, E.; Maniadi, E.; Tsiknakis, M. Dementia Care Frameworks and
Assistive Technologies for Their Implementation: A Review. IEEE Rev. Biomed. Eng. 2019, 12, 4–18.
[CrossRef] [PubMed]
42. Lourida, I.; A Abbott, R.; Rogers, M.; Lang, I.A.; Stein, K.; Kent, B.; Coon, J.T. Dissemination and
implementation research in dementia care: A systematic scoping review and evidence map. BMC Geriatr.
2017, 17, 147. [CrossRef] [PubMed]
43. Spinuzzi, C. The methodology of participatory design. Tech. Commun. 2005, 52, 163–174.
44. Yoo, D. Stakeholder Tokens: A constructive method for value sensitive design stakeholder analysis. Ethic-Inf.
Technol. 2018, 1–5. [CrossRef]
45. Ward, M.E.; De Brún, A.; Beirne, D.; Conway, C.; Cunningham, U.; English, A.; Fitzsimons, J.; Furlong, E.P.;
Kane, Y.; Kelly, A.; et al. Using Co-Design to Develop a Collective Leadership Intervention for Healthcare
Teams to Improve Safety Culture. Int. J. Environ. Res. Public Health 2018, 15, 1182. [CrossRef]
46. Galway, K.; Forbes, T.; Mallon, S.; Santin, O.; Best, P.; Neff, J.; Leavey, G.; Pitman, A. Adapting Digital
Social Prescribing for Suicide Bereavement Support: The Findings of a Consultation Exercise to Explore
the Acceptability of Implementing Digital Social Prescribing within an Existing Postvention Service. Int. J.
Environ. Res. Public Health 2019, 16, 4561. [CrossRef]
47. Berry, A.B.; Lim, C.; Hartzler, A.L.; Hirsch, T.; Ludman, E.J.; Wagner, E.H.; Ralston, J.D. Creating Conditions
for Patients’ Values to Emerge in Clinical Conversations. In Proceedings of the 2017 Conference on Interaction
Design and Children-IDC’17, Stanford, CA, USA, 27–30 June 2017; Volume 2017, pp. 1165–1174.
Int. J. Environ. Res. Public Health 2020, 17, 6333 18 of 19
48. Sanders, E.B.-N.; Stappers, P.J. Co-creation and the new landscapes of design. CoDesign 2008, 4, 5–18.
[CrossRef]
49. Buskermolen, D.O.; Terken, J. Co-constructing stories. In Proceedings of the 12th Participatory Design
Conference, Roskildem, Denmark, 12–16 August 2012; Volume 2, p. 33.
50. Visser, F.S.; Stappers, P.J.; Van Der Lugt, R.; Sanders, E.B.-N. Contextmapping: Experiences from practice.
CoDesign 2005, 1, 119–149. [CrossRef]
51. Kankainen, A.; Vaajakallio, K.; Kantola, V.; Mattelmäki, T. Storytelling Group—A co-design method for
service design. Behav. Inf. Technol. 2012, 31, 221–230. [CrossRef]
52. Schelle, K.J.; Gomez Naranjo, C.; ten Bhömer, M.; Tomico, O.; Wensveen, S. Tactile Dialogues: Personalization
of Vibrotactile Behavior to Trigger Interpersonal Communication. In Proceedings of the Ninth International
Conference on Tangible, Embedded, and Embodied Interaction-TEI’14, Stanford, CA, USA, 15–19 January 2015;
pp. 637–642.
53. Ijsselsteijn, W.; Tummers-Heemels, A.; Brankaert, R. Warm Technology: A Novel Perspective on Design
for and with People Living with Dementia. In HCI and Design in the Context of Dementia; Brankaert , R.,
Kenning, G., Eds.; Human–Computer Interaction Series; Springer: Cham, Switzerland, 2020; pp. 33–47.
[CrossRef]
54. Halskov, K.; Dalsgård, P. Inspiration card workshops. In Proceedings of the 6th ACM Conference on
Electronic Commerce—EC’05, Vancouver, BC, Canada, 5–8 June 2006; p. 2.
55. Gaver, W.W. How Do We Hear in the World? Explorations in Ecological Acoustics. Ecol. Psychol. 1993, 5,
285–313. [CrossRef]
56. Aletta, F.; Mynsbrugge, T.V.; Van De Velde, D.; De Vriendt, P.; Thomas, P.; Filipan, K.; Botteldooren, D.;
Devos, P. Awareness of ‘sound’ in nursing homes: A large-scale soundscape survey in Flanders (Belgium).
Build. Acoust. 2017, 25, 43–59. [CrossRef]
57. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
58. Campbell, P.S. Music, the universal language: Fact or fallacy? Int. J. Music. Educ. 1997, 32–39. [CrossRef]
59. Miller, E.; Devlin, N.; Buys, L.; Donoghue, G. The happiness initiative: Changing organizational culture to
make ‘brilliance’ mainstream in aged care. J. Manag. Organ. 2019, 26, 296–308. [CrossRef]
60. De Groot, W.; Houben, M.; Hengeveld, B. Exploring How an Interactive Placemat Can Influence Eating Activities
for People with Dementia BT—Dementia Lab 2019. Making Design Work: Engaging with Dementia in Context;
Brankaert, R., IJsselsteijn, W., Eds.; Springer International Publishing: Cham, Switzerland, 2019; pp. 92–100.
61. Devos, P.; Aletta, F.; Thomas, P.; Mynsbrugge, T.V.; Petrovic, M.; Van De Velde, D.; De Vriendt, P.;
Botteldooren, D. Application of a Prediction Model for Ambient Noise Levels and Acoustical Capacity for
Living Rooms in Nursing Homes Hosting Older People with Dementia. Appl. Sci. 2020, 10, 4205. [CrossRef]
62. Lundgaard, S.S.; Nielsen, P.A. Personalised Soundscapes in Homes. In Proceedings of the 2019 on Designing
Interactive Systems Conference, Association for Computing Machinery (ACM), San Diego, CA, USA, 23–28
June 2019; pp. 813–822. [CrossRef]
63. Dixon, E.; Lazar, A. Approach Matters: Linking Practitioner Approaches to Technology Design for People
with Dementia. In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems,
Honolulu, HI, USA, 25–30 April 2020; pp. 1–15.
64. Unbehaun, D.; Aal, K.; Vaziri, D.D.; Tolmie, P.D.; Wieching, R.; Randall, D.; Wulf, V. Social Technology
Appropriation in Dementia: Investigating the Role of Caregivers in Engaging People with Dementia with
a Videogame-Based Training System. In Proceedings of the 2020 CHI Conference on Human Factors in
Computing Systems, Honolulu, HI, USA, 25–30 April 2020.
65. Bannigan, K.; Moores, A. A Model of Professional Thinking: Integrating Reflective Practice and Evidence
Based Practice. Can. J. Occup. Ther. 2009, 76, 342–350. [CrossRef]
66. Mann, K.; Gordon, J.; MacLeod, A. Reflection and reflective practice in health professions education:
A systematic review. Adv. Health Sci. Educ. 2007, 14, 595. [CrossRef]
67. Ossebaard, H.C.; Van Gemert-Pijnen, L. eHealth and quality in health care: Implementation time. Int. J.
Qual. Health Care 2016, 28, 415–419. [CrossRef]
68. Karabi, C.B.; Darla, P.; Jason, S. Management attitudes and technology adoption in long-term care facilities.
J. Health Organ. Manag. 2014, 28, 344–365.
Int. J. Environ. Res. Public Health 2020, 17, 6333 19 of 19
69. Brankaert, R.; Ouden, E.D.; Brombacher, A. Innovate dementia: The development of a living lab protocol to
evaluate interventions in context. Info 2015, 17, 40–52. [CrossRef]
70. Müller, C.; Neufeldt, C.; Randall, D.; Wulf, V. ICT-development in residential care settings. In Proceedings of
the 2012 ACM Annual Conference, Cambridge, UK, 11–14 November 2012; p. 2639.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
